Abstract: Protection against HIV-1 infection in exposed seronegative (ESN) individuals likely involves natural resistance mechanisms that have not been fully elucidated. Human beta defensins (HBD) are antimicrobial peptides found primarily in mucosae, the main ports of HIV entry. HBD-2 and 3 mRNA are induced by HIV-1 in human oral epithelial cells and exhibit strong anti-HIV-1 activity; in addition, polymorphisms in the DEFB1 gene, which encodes HBD-1, have been associated with resistance/susceptibility to different infections, including HIV-1. Here, we have assessed the association of HBD expression with the ESN phenotype. Peripheral blood and vaginal/endocervical and oral mucosal samples were taken from 47 ESN, 44 seropositive (SP) and 39 healthy controls (HC). HBD-1, 2 and 3 mRNA copy numbers were quantified by real time RT-PCR and A692G/G1654A/A1836G polymorphisms in the DEFB1 gene were detected by restriction fragment length polymorphisms and confirmed by nucleotide sequencing. ESN expressed significantly greater mRNA copy numbers of HBD-2 and 3 in oral mucosa than HC; p=0.0002 and p=0.007, respectively. mRNA copy numbers of HBD-1, 2 and 3 in vaginal/endocervical mucosa from ESN and HC were similar. Homozygosity for the A692G polymorphism was significantly more frequent in ESN (0.39) than in SP (0.05) (p=0.0002). In summary, ESN exhibited enhanced mucosal expression of the innate defense genes HBD-2 and 3; however, additional studies are required to verify these results and the potential association of the A692G polymorphism to the relative resistance of ESN to HIV-1 infection.
INTRODUCTION
Since recognition of the HIV-1 epidemic in 1981, the Acquired Immunodeficiency Syndrome (AIDS) has killed 25 million persons and more than 33 million are currently infected [1] . Despite the rapid spread of this virus, some individuals, known as exposed seronegatives (ESN), have an apparent resistance to HIV-1 infection despite multiple and repeated exposures [2] . Numerous factors have been proposed as potentially protective mechanisms including the rapid development of adaptive cellular [3] and humoral defenses [4] , as well as certain elements of the innate immune response [5] [6] [7] . These findings have not been consistently reproduced from one study to another and among persons at high risk for HIV infection by the parenteral route [8] ; only a 32 base pair deletion in the CCR5 gene was demonstrably associated with protection against infection [9] .
Even though HIV-1 infection can be acquired perinatally, parenterally and sexually [10] and the efficiency of sexual transmission of HIV-1 is very low (0.0001 to 0.0040 for each sexual contact) [11] , 75 to 85% of infections worldwide have been acquired through unprotected sexual intercourse [12, 13] . On the other hand, oral transmission of HIV-1 is uncommon [14] , regardless of the demonstrable presence of HIV-1 particles in saliva [15] , and oral mucosal cells [16] . The differences in the risk of oral versus vaginal/anal transmission of HIV-1 might reflect the differential presence of target cells and protective factors at these mucosal surfaces. In fact, differential expression of several soluble factors with anti-HIV-1 activity, including defensins, has been reported in mucosae [17] .
Defensins are cysteine-rich cationic peptides that exhibit antimicrobial activity against a broad spectrum of microorganisms [18] ; they are divided into three groups: , and , based on their structure [18] [19] [20] . Thus far, six humandefensin (HBD) have been identified and characterized [21] . HBD-1 is constitutively expressed by epithelial cells, while HBD-2 and 3 are induced by different stimuli including viruses [22] . Exposure of oral epithelial cells to HIV-1 induces mRNA expression for HBD-2 and 3, both of which inhibit HIV-1 replication through both direct HIV-1 inactivation and by down-regulation of CXCR4 expression [23] . Furthermore, HBD-2 and 3 inhibit R5 and X4 HIV-1 infection in a dose-dependent manner at concentrations that are comparable to those found in the oral cavity (100 g/ml) [24] . Thus, we decided to examine a possible role of HBDs in protecting against HIV-1 infection.
Thirty single-nucleotide polymorphisms (SNPs) associated with different ethnic groups have been reported in HBD genes, particularly in DEFB1 and DEFB2 that code for HBD-1 and 2 respectively [25] . As is the case with other genes, some of these SNPs may influence the biological function of the antimicrobial peptides. In fact, previous studies suggest that some SNPs in DEFB1, have been associated with differential risks of HIV-1 infection [26] [27] [28] . However, HBD polymorphisms and their relationships to the expression levels at mucosal sites have not been systematically studied as potential modifiers of the risk of HIV infection. In this report, we found an increased expression of mRNA of HBD-2 and 3 in oral mucosa from ESN; in addition, our results suggest that the polymorphism A692G in DEFB1 might be associated with resistance to HIV-1 infection.
MATERIALS AND METHODS

Subjects
HIV-1 ESN and seropositive (SP) individuals were recruited from HIV-1 comprehensive care programs in the Colombian cities of Medellín and Santa Marta. The inclusion criteria for ESN subjects were similar to those in previous reports [29] . Briefly, these included unprotected sexual intercourse, anal/vaginal, with a SP individual more than five times in the previous 6 months or an average of two times weekly over 4 months within 2 years of enrollment and a negative HIV-1/2 ELISA test within one month of sample taking. None of the ESN individuals had history of intravenous drug use. When possible, the SP partner was also recruited and HIV-1 infection was confirmed by western blot test. Healthy Control (HC) individuals were adult volunteers with similar ethnic background to the ESN and SP individuals who have had fewer than 2 partners in the last 2 years, consistent (over 50% of sex acts) use of condoms and no history of piercing, tattoos or transfusions. Subjects with current oral or vaginal bleeding or infections were excluded. None of the women included in the study were using a hormone-based contraceptive method. A questionnaire for risk behavior was filled out at the time of sampling and an informed consent approved by the Bioethical Board for Human Research and prepared according to the Colombian Government Legislation, Resolution 008430 of 1993, was signed.
Mucosal Samples
The oral mucosa samples were obtained by means of a cytobrush. As many cells as possible were collected by rubbing the brush against the buccal mucosa. The vaginal samples were taken using a cervical cytobrush that was inserted and rotated 360º in all four quadrants of the vagina. Another cytobrush was gently inserted 1cm into the endocervix and rotated 360º. All samples were stored in RNA later (QIAgen, Valencia, CA) at -70ºC.
Real Time RT-PCR Assay to Quantify HBD mRNA
Total RNA was extracted from epithelial cells with Trizol Reagent (Invitrogen), following the manufacturer's instructions. The amount and purity of the RNA were determined by spectrometry at 260/280nm. Isolated total RNA was treated with DNase I (Fermentas) to eliminate genomic DNA. cDNA was synthesized using the SuperScript III (Invitrogen) in accordance with the manufacturer's instructions. Each 25μl-real-time PCR mixture consisted of 2μL of cDNA, 1x reaction buffer, 5mM MgCl 2, 0.2mM dNTP, 2U of platinum Taq DNA polymerase (Invitrogen), primers (0.4μM each) and SYBR green dye diluted 1:2500 (Sigma, St. Louis. USA). Cytokeratin-19 (CK19) RNA was used to normalize the RNA content in each preparation. The primer sequences and product size for HBD-1, 2 and CK19 were previously reported [31, 32] . For HBD-3 we used the following primers: forward 5' ATCTTCTGTTTGCTTTGCTCTTCCTGTTTT 3', reverse 5' AGCACTTGCCGATCTGTTCCTCCTT 3' and the product was 153bp in length. The cycling profiles were: 95ºC for 10min followed by 45 cycles of 95ºC for 15sec, 55ºC for 30sec for HBD-1 (60ºC for 30sec for HBD-2, 3 and CK19) and 72ºC for 30sec. We included a melting curve to confirm the specificity of the PCR product. All realtime RT-PCR amplifications and data acquisition were performed using the Chromo 4TM detector, software 2.03 (MJ Research).
Restriction Fragment Long-Polymorphism (RFLPs) for SNPs A692G, G1654A and A1836G in DEFB1 Gene
Polymorphisms were determined by PCR-RFLPs. The primer sequences and protocols were described previously [25] . PCR products were digested in a final volume of 15μL containing 1X buffer, 0.2μL of the corresponding restriction enzyme and 4μL of PCR product. The mixture was incubated for 16h at 37ºC. The enzymes used were: Bme1390I for A692G SNP, Bst11071 for A1836G SNP, HpyCH4V for G1654A SNP. The SNPs were verified by sequencing using a commercial service from Macrogen (Macrogen, Seoul, Korea). The sequences were analyzed with MEGA software version 3.1. DEFB1 exon 1 and 2 DNA sequences provided by Genebank NCBI (access number: U50930 and U50931, respectively) were used as reference.
Statistical Analysis
Fisher's-exact tests or Chi-square tests were used to compare categorical variables. The Kruskal-Wallis test was used to compare continuous variables across groups. Correlations were evaluated using Pearson correlation coefficient. All tests are two-sided, and a p<00.5 was considered statistically significant. Analyses were performed using GraphPad Prism version 5.0 (GraphPad Software, CA, USA). Allele and genotype frequencies were calculated with GENEPOP software version 3.4. [33] . Additionally, ARLEQUIN version 3.1 [34] was used to test for differences in haplotype frequencies.
RESULTS
Demographic Data
Thirty-nine HC, 44 SP and 48 ESN individuals were evaluated; 36 ESN and SP correspond to 18 discordant couples. Median age was 27 years (IQR= 25-40) for HC, 33 years (IQR= 30-37) for SP and 35 years (IQR= 27-40) for ESN individuals. Females comprised 74, 60 and 56% of HC, ESN and SP respectively. There were no significant differences in age or gender among groups (p=0.152 and 0.210, respectively). The day of the menstrual cycle (MC) at which the vaginal and endocervical samples were taken was similar among females in all three groups (p=0.390). Six (13%) SP individuals were not receiving antiretroviral treatment at the time of sampling ( Table 1) . No other sexually transmitted disease or opportunistic infections was reported in any of the study groups. We excluded ESN individuals with the homozygous CCR5 32 mutation from participation.
ESN Exhibit Similar HBD mRNA Copy Numbers than HC and SP Individuals in Endocervical and Vaginal Mucosa
In order to determine if there were differences in the expression of HBD-1, 2 or 3 mRNA among the studied populations, the number of mRNA copies was calculated by real time-PCR from vaginal/endocervical mucosal brushings. ESN individuals had higher copy numbers of HBD-1 mRNA in vaginal (Median: 25 vs 2.6) and endocervical (82.25 vs 39.6) mucosa than did HC, although the difference was not statistically significant (p=0.428 and 0.703, respectively) (Fig. 1A) . ESN also had greater copy numbers of HBD-1 than did SP in vaginal mucosa (25 vs 10), but slightly lower in endocervical mucosa (82.25 vs 117), but these differences did not reach statistical significance. In addition, higher mRNA copy numbers for HBD-2 were found in ESNs in vaginal (Median: 42 vs 16.4) and endocervical (39. vs 26.5) mucosa than were found in HC, although the differences were not statistically significant (Fig. 1B) . The HBD-3 mRNA copy numbers were similar in all groups (Fig. 1C) .
Determining correlations of HBD-1, -2 and -3 within groups, we found a positive correlation between HBD-2 and HBD-3 mRNAs in vaginal mucosa from ESN (r=0.573, p=0.0034) and HC (r=0.662, p=0.0004) individuals. There was also a positive correlation between HBD-2 and HBD-1 mRNAs in vaginal mucosa from ESN (r=0.541, p=0.02) individuals. Additionally, we found a positive correlation between HBD-1 and HBD-3 mRNAs in vaginal mucosa from ESN individuals (r=0.784, p=0.0002) and between HBD-2 and HBD-3 mRNA in endocervical mucosa from ESN (r=0.506, p=0.016) individuals (data not shown).
ESN Individuals Exhibit Higher Copy Number of HBD-2 and 3 mRNA in Oral Mucosa Compared with HC Individuals
In order to evaluate the expression of these genes at more than one mucosal site, we studied the presence of their mRNAs in oral mucosal tissue. Interestingly, we found that ESN and SP individuals expressed significantly higher mRNA copies for HBD-2 (Median: 42.15 for ESN, 46.2 for SP) and HBD-3 (Median 56.5 for ESN and 207 for SP) in oral mucosa than did HC (Median 2.0 for HBD-2 and 7.5 for HBD-3) individuals, p=0.0002 and p=0.007, respectively (Fig. 2) . No differences were found in the mRNA copy numbers for HBD-2 and 3 between ESN and SP individuals (p=0.762 and 0.06 respectively) (Fig. 2) . mRNA for HBD-1 was uncommonly detected in oral mucosal samples: in 4 (8.5%) ESN, in 4 (9%) SP, and in 3 (7.7%) HC individuals. There was a positive correlation between levels of mRNA for HBD-2 and 3 in oral mucosa from SP (r=0.617, p=0.0082), ESN (r=0.4649, p=0.044) and HC (r=0.886, p=0.0001) individuals.
Studying the association of HBD mRNAs between the 2 mucosal sites we found a negative correlation between vaginal and oral mucosal levels of HBD-2 mRNA (r=-0.575, p=0.01), and a positive correlation between vaginal and endocervical mucosal levels of HBD-1 mRNA (r=0.588, p=0.016), in healthy controls. In addition, we found a positive correlation between vaginal and endocervical mucosal HBD-3 mRNAs in ESN individuals (r=0.456, p=0.049).
Finally, no significant associations were found between plasma viral loads or CD4 T cell counts among SP individuals and the mRNA copy numbers of HBD-1, 2 or 3 from oral, vaginal or endocervical mucosa in ESNs (data not shown). 10 9 ) containing segments of the HBD-1, 2, 3 and CK19 genes. The corresponding copy numbers were calculated using the equation: 1 g of 1000-bp DNA x 9.1 x 10 11 molecules [50] . Standard curves were generated using the relationship of known number of input templates to the cycle threshold. The real time PCR generated a different cycle threshold (CT) for each dilution; the CT was defined as the PCR cycle number at which the mean fluorescence increased 10 SD above baseline. CT is inversely proportional to the log of the input copy equivalent. The number of HBD mRNA copies was expressed by each 1000 CK19 mRNA copies observed in vaginal and endocervical mucosa. (A) Number of HBD-1 mRNA copies. (B and C) Copy numbers of mRNA of HBD-2 and 3 respectively.
The A692G SNP in DEFB1 is More Common Among ESN
Earlier reports failed to demonstrate anti-HIV activity for HBD-1 [23, 24] ; nevertheless, we observed that ESN individuals exhibited a slight trend towards a higher HBD-1 mRNA copy number in vaginal/endocervical mucosae than had HC individuals (Fig. 1A) . In addition, there are epidemiologic data linking SNPs in DEFB1 with a higher risk for HIV infection [26] [27] [28] . In order to determine if the DEFB1 SNPs, A692G in exon 1, A1836G and G1654A in exon 2 are associated with risk for acquisition of HIV-1 infection, the corresponding segment for each exon was amplified by PCR and the SNPs were identified by RFLPs.
The heterozygous genotype (A/G) for the A692G SNP was the most frequent in all groups, seen in 56.3% of HC, 47.8% of ESN and 84.2% of SP. There were significant differences in these genotypic frequencies between the SP and ESN (p=0.0005) and between SP and HC individuals Table 2) .
No differences were found in the genotypic frequencies between the groups for the A1836G SNP. The wild genotype (A/A) was the most frequent in all groups (>84%), while the heterozygous genotype (A/G) was observed in low frequency: 6.2% for HC, 6.5% for ESN and 15.8% for SP individuals. The homozygous genotype for this SNP (G/G) was not detected in any individual ( Table 2) . Only the wild genotype (G/G) for the G1654A SNP was found in all populations. Crossing all loci (A692G, A1836G and G1654A) a statistical differences between ESN and SP individuals remained (p=0.029), due to the difference found in the homozygous (G/G) and heterozygous (A/G) genotype for the A692G SNP ( Table 2 ). The allelic frequencies for the A692G SNP showed significant differences between the ESN and SP groups for the A allele, 37% vs 53% (p=0.041) and G allele, 63% vs 47% respectively (p=0.042) and between total allelic frequencies of ESN compared to SP individuals (p=0.044) ( Table 2 ).
According to the allelic frequencies, 4 different combined haplotypes (AAG/GAG/AGG/GGG) were found in the population, where A692G correspond to the first, A1836G second and G1654A to the third position ( Table 2 ). The frequency of the GAG haplotype was significantly different between the SP and ESN (39.5% vs 59.7%; p=0.008) groups and also between the SP and HC (39.5% vs 56.3%; p=0.047) individuals. In addition, in the SP group, the haplotype AAG was the most frequent (52.6%) a difference that was significant between the ESN and SP (p=0.041) ( Table 2) . Although there is a general tendency to produce higher levels of HBD-1 in heterozygous (A/G) and homozygous individuals for the SNP A692G (G/G) than wild type individuals, the differences were not statistically significant (data no shown).
DISCUSSION
Recent studies have shown that HBDs have antiretroviral activity and that these peptides are induced by the exposure of oral mucosal epithelial cells to HIV-1 [23, 24] . In addition, there are a number of individuals who, despite the fact that they are serially exposed to HIV-1 through unprotected sexual intercourse with infected partners, remain healthy and HIV-1 seronegative (ESN) [29] . To date, the most important identified mechanism of natural resistance is the 32 mutation in the CCR5 gene [9, 30, 35, 36] . The importance of studying protective mechanisms at mucosal surfaces is underlined by the fact that more than 90% of worldwide HIV-1 cases have been transmitted across these surfaces, mainly during sexual intercourse [37] .
In order to define whether our ESN individuals were resistant to HIV-1 infection, due to the presence of 32 mutation in the CCR5 gene, this mutation was screened by PCR. Although the heterozygous genotype, previously associated with a decreased rate of disease progression and modest resistance to HIV infection [38, 39] , was more frequent in ESN, none of these individuals had the homozygous CCR5 32 genotype that could account for high level resistance to HIV acquisition.
To examine the possible contribution of HBDs in protecting against HIV-1 infection, HBD mRNA from genital and oral mucosa was quantified by real time PCR in ESN, HC and SP individuals. The results indicate that the mRNA copy numbers of HBD-1 are slightly increased in vaginal and endocervical mucosa of ESN individuals compared to levels in HC; however, this difference was not significant. These results are in agreement with previous reports that have not indicated an anti-HIV activity of HBD-1 [23] . Similarly, the HBD-2 mRNA copy numbers were higher, albeit not significantly, in vaginal and endocervical mucosa from ESN compared to levels in HC individuals. Considering that the highest HBD-2 expression in the MC occurs during the menstruation phase [40] , and based on the reported evidence indicating the anti-HIV-1 activity of HBD-2 [23] , further studies are required to explore if during this phase, the higher expression of this HBD in ESN could provide some level of protection during HIV-1 exposure. Finally, low levels of HBD-3 mRNA have been detected in uterus [41] and the highest levels of HBD-3 have been observed during the luteal phase of the MC [42] . However, the variable range in the day of the MC of the women studied may have complicated our analyses.
The expression of mRNA for HBD-2 and 3 from oral mucosa was significantly higher in the ESN compared to the HC group. It has been previously shown that HBD-2 and 3 are expressed in oral tissues and secreted in saliva where they exert their antimicrobial activity [43, 44] . In fact, in vitro exposure of oral human epithelial cells to HIV-1 induces HBD-2 and 3 mRNA expressions, and both of these peptides can inhibit HIV-1 replication [23] . The fact that there was a significantly higher expression of HBD-2 and 3 in ESN than among HC in oral but not in genital mucosa might indicate that the HBD levels detected in the oral cavity correspond to the production of these peptides in response to the microbial challenge to which this surface is constantly exposed [45] . In contrast, the genital mucosa could be in contact with lower levels of microbes capable of inducing epithelial defensins expression [46] ; however, that will need to be verified. Thus, the HBD levels detected in these surfaces might be an indication of basal levels rather than levels produced in response to a microbial exposure. In addition, it is possible that the lack of significant differences in the levels of HBDs in genital mucosa among groups could also be due to the smaller sample size analyzed for genital mucosa compared to oral mucosa.
The fact that we found similar levels of HBD-2 and 3 in mucosae, particularly in the oral cavity in ESN and SP individuals might be an indication that the chronic immune stimulation induced by exposure to HIV-1 or other pathogens results in HBD production. Thus, the increased HBD expression exhibited by ESNs compared to HC might reflect a genetic trait associated with resistance to HIV-1 infection. Further studies using in vitro stimulation of cultured epithelial cells from oral and genital mucosa obtained from ESNs, SP and HC will help to elucidate this phenomenon. The exact mechanism(s) through which HBDs might prevent the establishment of HIV-1 infection is not clear. However, it is possible that factors involved in protecting the oral mucosa might also exert an effect at vaginal and endocervical sites.
Previous reports suggest an association between SNPs in DEFB1 and the risk of acquiring HIV-1 infection [26] [27] [28] . Therefore, we studied the presence of 3 SNPs in the DEFB1 gene, previously reported in high frequencies in different ethnic populations [25] . These SNPs have characteristics that might plausibly link them to differential gene expression or gene product function; for example: (i) SNP A692G sequence is recognized by the transcription factor NFkB, which might affect the production of several molecules involved in the natural resistance to HIV infection, (ii) SNP A1836G is within a probable polyadenylation site, and the resultant nucleotide change might affect the transcription or the translation of the gene, and (iii) SNP G1654A is adjacent to the first of six conserved cysteine residues potentially having an effect on the folding of the peptide and, thus, influence peptide function [25] . However, the relationship between these SNPs and gene expression or function during HIV-1 exposure had not been explored.
The presence of SNPs in DEFB1, DEFB4 and DEFB103 genes, which code for HBD-1, 2 and 3, respectively might also be associated with resistance/susceptibility to different infections. However, these genes display broad population variability in copy numbers, with individuals exhibiting from 2 to 12 copies per diploid genome [51] , making the search for SNPs very difficult and most likely the allelic distribution will not be in HWE [26, 28] .
The genotypic frequency of the homozygous A692G SNP was significantly higher in ESN than in SP individuals (39.1% vs 5.3% respectively). Interestingly, the heterozygous genotype frequencies (47.8% vs 84.2%), segregate in the opposite direction; thus if this SNP is associated with any protection from HIV infection, homozygosity might be protective but the heterozygous state would not appear to be. This SNP is located in position -20 of the 5'UTR of the DEFB1 gene [47] and it does not induce an amino acid change but it may generate a binding site for the nuclear factor NF-B [25] . If this is the case, the A692G SNP could lead to the up-regulation of several immune genes potentiating the innate defence response to different pathogens.
The haplotype frequencies indicate that ESN individuals exhibit a higher frequency of the GAG haplotype, containing the G allele than do members of the SP group, suggesting that the homozygous genotype for the A692G SNP found in lower frequency in the SP group than in the ESN group might be associated with resistance. In contrast, the A692G SNP has been previously associated with susceptibility to asthma, atopic dermatitis, and HIV-1 infection in Brazilian children [26, 47, 48] . These contradictory results might indicate that this SNP could be interacting with other genetic polymorphisms; thus, the haplotypic information might be more informative than analyses of any single SNP.
Although the anti-HIV-1 role of HBD-1 has not been previously reported, the results of this study indicate a possible role of polymorphisms in this gene in the phenomenon of natural resistance to HIV infection. So far it has been well established that monocytes, macrophages and monocytederived DC constitutively express HBD-1 mRNA, that is upregulated when these cells are stimulated with LPS or IFN- [49] , suggesting that it may be induced during exposure to several pathogens, including HIV-1.
Taken together, these results suggest that a higher expression of mRNAs for HBD-2 and 3 found in oral mucosa from ESN individuals might contribute to apparent resistance to HIV-1 infection exhibited by these individuals. In addition, our data suggest that the A692G SNP in DEFB1 also is associated with this relative resistance phenotype. Additional studies in larger cohorts will be needed to confirm these observations. 
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